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Abstract
Aims and Objectives: To compare the presence and length of anterior loop (AL) 
measured on constructed panoramic radiographs (CPR) and its length measured 
by a new technique utilizing (three-dimensional cone-beam computed tomographic 
[3D-CBCT]).
Materials and Methods: The CPR and CBCT records of 67 cases were selected from 
the Oral Radiology Department archives. The presence and length of the AL were 
assessed. The mandibular canal was traced using the tangential cuts, color coded along 
its course and tracing was continued on cross-sectional images. The length of the colored 
(AL) was measured on 3D-CBCT images till the nerve exits the mental foramen.
Results: Using a paired t-test, a signifi cant diﬀ erence was observed between both lengths 
(t = 0.05, P = 0.001). The mean and standard deviation for AL length was 2.87 ± 2.07 mm. 
While for 3D-CBCT, it was 1.71 ± 1.52.
Conclusion: This new tracing method on 3D-CBCT images can minimize the risk of 
mental nerve injury as well as overestimation of the safe distance required during implant 
placement.
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Introduction
Dental implant placement is considered nowadays a routinely 
performed technique with predictable outcome.[1] The 
mandibular inter-foraminal region, despite being a safe area for 
implant placement compared to other anatomical regions, is 
liable for neurosensory complications which occur in about 7% 
of patients.[2]
The inter-foraminal region encloses the terminal part of the 
inferior alveolar nerve which curves forming a loop (termed the 
anterior loop [AL] before leaving the mandibular body through 
the mental foramen, and creating another division anterior to the 
AL, which is the mandibular incisive nerve).[3] Thus, the AL is 
an intra-osseous anterior extension of the mental nerve before 
emerging out of the mental foramen.[4]
The selection of the appropriate imaging technique 
that armament the surgeon with a three-dimensional (3D) 
confi guration of all required measurements for safe implant 
installation became a mandate.[5,6] Inappropriate dental implant 
fi xture depth or path may lead to violation of the (AL) of the 
mental nerve causing sensory disturbance of the lip,[7] where the 
mental nerve innervates the skin and the mucous membrane of 
the lower lip and chin.[6]
Previously, panoramic radiography had been the only used 
preoperative radiographic diagnostic tool for the evaluation 
of the inter-foraminal implant site, where magnifi cation and 
distortion of the anatomical structures lead to improper 
evaluation of the real size.[7]
Cone-beam computed tomographic (CBCT) is an advanced 
digital imaging technique that generates multi-planar slices of a 
region of interest and is capable of  reconstructing 3D images.[7] 
It also has high resolution, a relatively low radiation dose and 
produces images by a series of mathematical algorithms using a 
cone-shaped rotating X-ray beam.[7] Furthermore, in 3D-CBCT, 
the target is captured at a 1:1 ratio with limited dimensional and 
angular distortion.[8]
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Panoramic radiographs provide two-dimensional (2D) 
information and have severe limitations for the evaluation 
of anatomical structures and available bone for implants.[3] 
Panoramic images constructed from (3D-CBCT) images were 
recommended to overcome the problems associated with 
traditional panoramic images, where the trough used is 
customized to closely follow the dental arch size and shape.[8]
Thus, the aim of this study is to compare the apparent length 
of the AL on panoramic radiographs and its length measured 
on 3D-CBCT images through a new tracing technique. In 
this study, constructed panoramic radiographs (CPR) were 
used to exclude the dimensional distortion and magnifi cation 
in conventional panoramic radiographs, and to allow 
concentration on the dimensions of visualized shadows in the 
mental foramen area.
Materials and Methods
In this retrospective cross-sectional study, CBCT images 
of 67 patients of ages ranging from 16 to 65 years (mean age, 
36 years) were selected randomly from the archived scans in the 
Department of Oral Radiology at Riyadh College of Dentistry 
from January 2014 to March 2014. Images showing the presence 
of any pathological lesion, fracture, or evidence of any surgical 
intervention aﬀ ecting the course of the mandibular canal were 
excluded from the study.
Measurements were performed using the Galileos CBCT 
imaging system (Sirona, Germany). Images were obtained at 
85 KV, 5-7 mA, and 14 s with a voxel size of 0.3 mm, fi eld of view 
15 × 15 × 15.
As a protocol, a consent form is signed by all patients 
undergoing CBCT imaging denoting their acceptance to 
utilize their radiographs for scientifi c research purposes. Ethical 
approval was obtained from the Ethics Committee at the 
Research Center of Riyadh Colleges of Dentistry and Pharmacy. 
CBCT images were assessed through Galaxis/Galileos 3D 
Imaging Software, using CBCT panoramic reformatted images, 
axial, cross-sectional, and tangential views. All measurements 
were performed by the author.
The study was divided into fi ve steps: Starting with the 
(CPR), the total linear distance created by the mental foramen 
and the extended radiolucent shadow in front of the mental 
foramen were measured bilaterally [Figure 1].
Second, on axial cuts, the exact diameter of the mental 
foramen is precisely measured bilaterally [Figure 2a and b].
In the third step, the measured diameter was subtracted 
from the total linear distance measured on the CPR; thus, the 
remaining radiolucent shadow was considered the panoramic 
AL length.
Fourth, the mandibular canal was traced through color 
coding on tangential views up to the mental foramen, where 
tracing was then continued on sequential 1 mm cross-sectional 
cuts. The presence or absence of the AL was indicated by the 
presence of two round hypodense images (corresponding to 
the upper and lower segments of the mandibular canal, typically 
ending in an “8-like” shape), from the anterior-most image 
of the mental foramen till the starting point of the incisive 
canal. The beginning of the mandibular incisive nerve canal 
is detected by the fi rst abrupt diminution of traced circular 
radiolucency. Color coding of the lower segment was the fi rst 
performed in all selected slices, and then repeated again in the 
upper segment in the same slices till the emergence from the 
mental foramen. Finally, on the 3D image, the color coded AL 
was measured using Sidexis software (Sirona, Germany) as 
the distance between the anterior rim of the mental foramen 
and the anterior extension of the traced and color coded nerve 
[Figure 3].
Six cases were repeated by the second author to test for inter-
examiner reliability using Kappa test. Reliability was found to 
be Kappa = 0.91 (P < 0.05) indicating perfect agreement. The 
fi ndings were analyzed using paired t-test and one-way ANOVA 
using SPSS version 20.
Figure 1: Th e linear distance of the radiolucency including the 
mental foramen and the wide radiolucent extension beyond the 
mental foramen, as seen in reformatted panoramic radiograph 
representing the anterior loop
Figure 2: (a) Right mental foramen diameter and (b) left  mental 
foramen diameter measured on axial view
a
b
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Results
The study included 67 patients their ages ranged from 16 to 
65 years (with 36 years mean age), where ages were divided 
into 5 categories including 16-26, 27-37, 38-47, 48-57, and 
57-65 years. The AL was not detected in 8 (12%) of patients as 
shown in Figure 4.
Paired t-test comparison was performed between the 
apparent length of the AL on panoramic radiographs and its 
actual length on 3D-CBCT, where a signifi cant diﬀ erence was 
found between both lengths (t = 0.05, P = 0.001). The mean 
and standard deviation (SD) for panoramic AL length was 
2.87 ± 2.07 mm. while for 3D-CBCT, it was 1.71 ± 1.523 mm.
When comparing 3D images of males and females using 
independent t-tests, no signifi cant diﬀ erence in AL length was 
found (P < 0.05).
However, there was a signifi cant diﬀ erence between males 
and females regarding the diameter of the mental foramina in 
axial views (t = 3.51, P = 0.01). Male patients had a larger diameter 
(4.42 ± 0.98) than female patients (3.32 ± 1.03). There were no 
signifi cant fi ndings between the right and left sides of the jaw 
regarding the mental foramen diameter (P < 0.05). The means 
and SDs were 3.5 ± 0.99 mm and 3.6 ± 1.21 mm, respectively. 
Moreover, there were no signifi cant fi ndings regarding diﬀ erent 
age categories and both the mental nerve diameters as well as 
the length of the AL in the 3D views through one-way ANOVA 
(P < 0.05) [Table 1].
Discussion
Pre-operative radiographic evaluation of the inter-foraminal 
region is mandatory, where placing implants too close to the 
mental foramen may jeopardize the AL of the mental nerve. 
Ordinary panoramic images have been frequently used to 
estimate the length of the AL; however, according to previous 
studies, the apparent radiolucency beyond the mental foramen 
may falsely under- or over-estimate the exact AL length.[9-11]
The diﬃ  culty of proper recognition of the AL from panoramic 
images is attributed to many reasons as poor resolution and 
being an intramedullary structure that is surrounded by thick 
cortical bone.[12]
Moreover, in the case of previously utilized conventional 
panoramic images, the patient positioning errors may aﬀ ect the 
quality of radiographs, as objects that are outside the focal trough 
will lead to distorted or obscured images.[13] In CBCT (CPR), 
the volumes are precisely reoriented with the imaging software 
to standardize the image’s anatomical planes; thus, reducing the 
error introduced by variable patient positioning.[14]
In spite of improving measurement accuracy by reducing 
several sources of magnifi cation and distortion when we used 
panoramic reconstructions from CBCT volumes in this study,[15] 
it is not possible to identify the mental foramen or the AL 
extension accurately, where overestimation of the required safe 
distance usually occurs.[7]
Therefore, 3D imaging modalities, such as CBCT, have been 
developed to resolve the limitations of 2D imaging; although 
multi-slice CT can also be used, CBCT provides lower doses in 
comparison to multi-slice CT.[16]
In the current study, the mandibular canal was color-traced 
on cross-sectional cuts. The AL area was then color-traced on 
cross-sectional slices starting from the mental foramen following 
the lower segment in all selected slices then repeating all tracing 
following the upper segment after the mental foramen till 
Figure 3: Th e length of the anterior loop (AL) measured on three-
dimensional view as the linear distance from the anterior rim of the 
mental foramen to the most anterior extension of the AL
Figure 4: Th ree-dimensional (3D) image of the length of the 
anterior loop (AL) measured on 3D view as the linear distance 
from the anterior rim of the mental foramen to the most anterior 
extension of the AL measured as 0 mm
Table 1: Th e relationship between diff erent age categories and 
both mental foramen diameter and AL length in 3D images using 
one-way ANOVA
Age 
categories  (N)
Mental foramen 
diameter  (mm)
AL 3D image  (mm)
Mean±SD f P value Mean±SD f P value
16-26 (19) 3.34±0.97 0.97 0.43 1.63±1.57 2.31 0.07
27-37 (18) 3.49±0.24 2.54±1.79
38-47 (13) 3.97±1.02 1.57±1.11
48-57 (13) 3.29±1.47 1.19±1.18
57-65 (4) 3.98±0.93 0.67±1.22
Total (67) 3.53±1.11 1.71±1.53
AL: Anterior loop, 3D: Three-dimensional, SD: Standard deviation
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returning to the mental foramen again. The color-traced AL 
length was measured on 3D images from the anterior border 
of the mental foramen to the anterior limit of the colored AL, 
representing the actual length of the AL. It was found that the 
mean AL length measured in 3D images was 1.7 mm in 88% of 
patients while the AL could not be detected in 12% of patients. 
This was compared to 2.87 mm, measured on constructed 
panoramic images, which is assumed more accurate than 
conventional panoramic images. This fi nding coincides with 
the fi ndings by Uchida et al., who found a mean AL length of 
1.5 mm through cadaver dissection.[8] Furthermore, Kieser et al. 
discovered that no AL was present beyond 1 cm of the mental 
foramen through dissection of 56 cadaver mandibles.[17] Solar 
et al. found the AL in 60% of examined cadavers, with a mean 
length of 1 mm. Similar to our study, Neiva et al. explored the 
mesial aspect of the mental foramen and found that the AL was 
present in 88% of cases, with a mean length of 4.13 mm.[18,19]
Therefore, tracing the inferior alveolar canal and the AL 
region on multi-planar views and combining these slices and 
constructing a 3D image gives a more realistic confi guration of 
the intended implant site.
Regarding the mental foramen, no diﬀ erences between 
the diameter of the mental foramen on the right or left sides 
were noted. When comparing between males and females, a 
signifi cant diﬀ erence was found. The mean diameter in males 
(4.42 mm) was signifi cantly larger than females (3.32 mm). 
This fi nding is similar to a study that measured the diameter of 
the mental foramen in a Sri Lankan population where the mean 
diameter in males was larger than in females (3.75 vs. 3.54 mm, 
respectively).[20]
When comparing the length of the AL among diﬀ erent age 
categories, it was found that length decreased according to age. 
The patients aged between 27 and 37 years showed the longest 
AL, while older patients aged between 57 and 65 years showed 
the shortest lengths. These results supported the fi ndings of 
Ngeow et al. who noted diﬃ  culties in identifying the AL in 
radiographs with increasing patient age.[15]
As a conclusion, tracing the AL in cross-sectional slices and 
performing the fi nal measurement on 3D-CBCT images is a new 
approach that refl ects to the dentist the actual length, shape, and 
extension of the AL for safe endo-osseous implant placement. 
However, future studies are required to obtain more reliable 
results and verifi cation.
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